This paper proposes a new probe for measuring the high frequency grounding potential and attempts to visualize noise propagation in a grounding system for an analysis method of the conductive EMI. In experiment, the probes measure high frequency grounding potential at 25 points on lattice-shaped ground plane where a motor cable stretches down. And reconstructing these measured 25 waveforms makes it possible to visualize noise propagation. Fig. 1 illustrates a circuit configuration of experimental system. Copper nails are driven into wooden boards (90 × 180 cm) at intervals of 10 × 10 cm, and copper wires are fastened to the nails so that a lattice-shaped ground plane is formed on the wooden boards. It is possible to measure the potential at an arbitrary grid point P with respect to a reference point E. A three-phase cable is connected to an induction motor, and the other end of the cable is shorted and connected with an oscillator. The cable is arranged on the ground plane straight. Additionally, a grounding wire connects the motor frame with the ground plane. Fig. 2 shows a measurement system per 1-channel for measuring potential differences on the ground plane. A grounding terminal of the oscillator and point E on the ground plane are reference point. An input terminal of the developed probe is connected to an arbitrary grid point P. A buffer amplifier (LM6321) is attached to the tip of the probe to acquire a voltage waveform with high input impedance. Layer-built cells (006P, 9 V) supply electric power to Fig. 1. Experimental circuit
This paper proposes a new probe for measuring the high frequency grounding potential and attempts to visualize noise propagation in a grounding system for an analysis method of the conductive EMI. In experiment, the probes measure high frequency grounding potential at 25 points on lattice-shaped ground plane where a motor cable stretches down. And reconstructing these measured 25 waveforms makes it possible to visualize noise propagation. Fig. 1 illustrates a circuit configuration of experimental system. Copper nails are driven into wooden boards (90 × 180 cm) at intervals of 10 × 10 cm, and copper wires are fastened to the nails so that a lattice-shaped ground plane is formed on the wooden boards. It is possible to measure the potential at an arbitrary grid point P with respect to a reference point E. A three-phase cable is connected to an induction motor, and the other end of the cable is shorted and connected with an oscillator. The cable is arranged on the ground plane straight. Additionally, a grounding wire connects the motor frame with the ground plane. Fig. 2 shows a measurement system per 1-channel for measuring potential differences on the ground plane. A grounding terminal of the oscillator and point E on the ground plane are reference point. An input terminal of the developed probe is connected to an arbitrary grid point P. A buffer amplifier (LM6321) is attached to the tip of the probe to acquire a voltage waveform with high input impedance. Layer-built cells (006P, 9 V) supply electric power to the buffer amplifier. To transmit the waveform without any distortion, a coaxial cable terminated by a resistor of characteristic impedance 50 Ω is used. In measurement, it is possible to measure multiple waveforms at the same time by number of input channels of an oscilloscope. So as not to make difference in time, all the length of coaxial cables for the probes is arranged with 10 m. Moreover a trigger signal from the oscillator synchronizes the potential waveforms.
When the oscillator modeled as a common-mode voltage source generates rectangular wave of ±2 V at 100 kHz, 25 potential waveforms on the grand plane are measured at intervals of 30 cm from the reference point E. Note that the 25th point means the motor frame. Fig. 3 shows potential distributions between t = 60 ns and t = 100 ns at intervals of 20 ns. x = 0 cm is reference point E (the sending-end), and x = 720 cm is motor frame (the receiving-end), respectively. The incident wave propagates from the sending-end toward the receiving-end. At t = 100 ns, potential at the x = 690 cm is different from potential of the receiving-end. The reason is that sudden change of the wiring situation makes sudden turn of the distributed line constant the receiving-end. This paper develops a probe for measuring the high frequency grounding potential and demonstrates its effectiveness. The developed probe is applied to a motor drive system and measures a potential difference between a grounding terminal and the motor frame connected by a grounding conductor. Moreover, this paper attempts to visualize noise propagation in a grounding system. An experimental system is constructed on a lattice-shaped ground plane. A threephase cable stretched on the ground plane connects between a common-mode voltage source and a motor, and the motor frame is earthed to the ground plane. In experiment, the developed probes detect 25-point potentials, and reconstructing these 25 waveforms makes it possible to visualize noise propagation. In addition, influence of a common-mode choke upon the noise propagation are shown experimentally.
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